Inbred germ-free Fischer 344 albino rats were evaluated as models for experimental candidiasis in order to investigate bacterial interaction with Candida albicans. Female rats were exposed to C. albicans in their drinking water and killed at intervals from 2 to 22 days after initial contact with the contaminant.
either chronic or acute and is referred to as candidiasis or candidosis. Why the organism, which is a normal inhabitant of the mouth, becomes pathogenic, is an enigma. It is known that certain conditions predispose to this change, the most important being suppression or deficiency of the immune response, certain endocrine disorders and a change in the symbiotic relationship of the oral flora (Winner, 1969) . The exact mechanism which triggers the opportunism of this organism is, however, still ill understood as is the role that the flora plays in preventing the developing of candidiasis. It is known that in the gut the growth of C. albicans is suppressed by Escherichia coli (Hummel et al., 1973 (Hummel et al., , 1975 and in the mouth by mixed salivary bacteria, Streptococcus salivarius and Streptococcus mitior (Liljemark & Gibbons, 1973) . The manner in which this occurs is not clear but Cormane and Goslings (1963) have shown that competition can exist between C. albicans and other bacteria for available glucose. Should antibiotics suppress the bacterial competitors, C. albicans will flourish in the richer carbohydrate milieu. In order to study the establishment of C.
albicans in the mouth, oral candidiasis and factors relating to candidiasis, various animal models have been tested, the most popular being rats, Sprague-Dawley (Russel & Jones, 1973; Jones & Russel, 1974; Russel et al., 1975; Fisker et al., 1982a; Allen et al., 1982 Allen et al., , 1985 Van Wyk et al., 1987) , Wistar (Jones & Adams, 1970; Olsen & Bondevik, 1978; Shakir et al., 1981 Shakir et al., , 1983 Shakir et al., , 1986 Fisker et al., 1982b) , Liverpool Hooded (J ones et al., 1976) and mice, CBA/Ca (Holbrook et al., 1983) , BALB/c (Balish et al., 1984) and mutants with sex-linked anaemia (Sofaer et al., 1982) . Also used were macaques (Budtz-Jorgensen, 1971 , 1973 Olsen & Haanaes, 1977) and BI0 87.20 hamsters (McMillan & Cowell, 1985) . All the above experimental animals with the exception of the mice were noninbred. In addition, except for the germ-free rats and mice used by Jones et 01. (1976) , Balish et 01. (1984) and Van Wyk et 01. (1987) , the experiments were carried out on conventional animals. Excluding the studies using germ-free rats and mice, oral candidiasis was precipitated by (a) suppressing the normal relationships of the oral flora with long-or short-term antibiotic supplement followed by infection with C. albieans, (b) topical application of a suspension of C. albieans to the palatal mucosa which was then covered by a prosthesis and (c) placing a suspension in the cheek pouches of hamsters.
In conventional animals with their mixed oral flora the interaction between specific organisms and C. albicons cannot be studied so germ-free animals are needed. The germ-free state also favours carriage and infectivity with the fungus without the need for any complementary broad spectrum antibiotic (Clark, 1971; Jones et 01., 1976; Van Wyk et 01., 1987) . An additional problem exists if animals are not inbred. Outbred experimental animals are genetically heterogeneous and cannot be defined by any objective criteria. Thus, results from investigations utilizing these animals are likely to display considerable variability, usually attributed to random factors in the localization and growth of the yeast rather than to differences in the animals themselves (Louria, 1985) .For reasons such as above, Festing (1979) made a compelling case for the use of inbred animals in biomedical research. Therefore, animal models to investigate experimental candidiasis should be germ-free and inbred.
The aim here was to evaluate inbred germ-free Fischer 344 albino rats as a model for experimental candidiasis with a view to investigating interactions between C. albieans and specificoral flora.
Materials and methods Animals
Seven females and 5 males, 3 months old were supplied by Charles River (Wilmington MA 249 01887) during January 1986. Breeding and experimentation were carried out in Trexler designed germ-free isolators. The feed from Epol (Pty) Ltd, Cape Town, was specially formulated Epol rat cubes, Code 4710. Vermiculite bedding (Vermiculate Exfoliations (Pty) Ltd, Cape Town) was used and both bedding and food were sterilized by autoclaving before being introduced into the isolators. Microbiological monitoring of animals was according to Fuller (1984) . The experiment was carried out piecemeal. As 8 week old female offspring became available they were placed in other isolators, tested for any contamination and housed singly in cages. Neon lighting was in a cycle of 12-h light and 12-h dark and the temperature was maintained at 22-23°C.
Preparation of the inoculum C. albicans strain (NCPF 3118) from the National Collection of Pathogenic Fungi (Public Health Laboratory Service, London) was used in this experiment. The freeze-dried samp~es were revived by suspending in Brain Heart Infusion (BHI) broth (Oxoid), plating on BHI agar (Oxoid) and incubating aerobically at 37°C for 24 h. Having confirmed growth by germ tube formation the culture was maintained on BHI agar plates stored at 4°C. When required colonies were inoculated into BHI broth and incubated at 37°C for 24 h. (It was determined previously that the organism was in its late exponential phase after 24 h incubation).
The suspension was centrifuged at 2000 g for 15 min and the precipitate resuspended in sterile water to an optical density value equal to 5 x 10 6 colony forming units per millilitre (cfu/ml). The optical density of the suspension was read in a spectrophotometer (Spectronic 20, Bausch and Lomb) at 600 nm wavelength, and the number of cells per millilitre calculated from a standard reference curve, previously constructed by plotting densities of different dilutions against viable counts. Suspensions of 250 ml were then prepared for the drinking bottles. 
Experimental infection
In order to ensure that contamination would take place and to minimize variation in the rate of contamination, water was first withheld from the rats for 6 h and then they were given the drinking bottles containing the suspensions of 5 x 10 6 cfu/ml of C. albicans for 48 h. (Prior to the experiment it had been determined that the viable cfu/ml remained constant in the drinking water during 48 h.) Sterile drinking water replaced the suspensions after this interval. The limited period of contamination enabled us to determine the evacuation of C. a/bicans from the oral cavities of the rats and to correlate it with lesions.
Microbiological and histological procedures
Animals were randomly selected and killed with CO2 at intervals from the second day (the end of the contamination period) to 22 days. [The observation intervals and period of experimentation were based on the results of shortterm experiments on the establishment of C. albicans in the mouths of rats and mice (Jones & Adams, 1970; Russel & Jones, 1973; Rogers & Balish, 1976; Fisker et al., 1982b; Holbrook et al., 1983) ]. At least 7 rats per interval were killed ( Table 1) to ensure that, had all rats been infected, the 950/0confidence interval around the estimated proportion infected would exclude 50%, i.e. we could conclude that the chance of a rat being infected was greater than the chance of it not being infected. Immediately after death the rats were weighed, swabs were taken of the mouths, streaked on BHI agar plates, incubated aerobically at 37°C for 24 h and inspected for candidal growth. If there were 1-5 colonies on the plate it was reported as scanty, 5-20 were score +, discrete colonies over the whole plate + + and a confluent growth + + + . Following the swabbing, the heads were decapitated, placed in Gendre's fixative and when fixed, divided sagittally. One half was used for a sagittal section which included the upper and lower gingivae, the palate, tongue and the floor of the mouth. The other half was sectioned tangentially between the eye and corner of the mouth and displayed the cheek, tongue, gingivae and palate. Sections were stained with the periodic acid Schiff method to demonstrate candidal hyphae. A surface was regarded as infected when hyphae were present in and on the mucosal epithelium.
Analyses of data
As it is not possible in this type of experiment to observe the same animal at intervals, we had to assume that with inbred animals the probability of them becoming infected was constant (i.e. there was no difference between the rats). In this case the proportion of diseased rats within each sample followed a binomial distribution. Therefore, we were able to determine the exact 95% confidence limits bounding the range within which we could be 95% sure that the true proportion for the whole population lay (Diem & Lentner, 1972) .
Results
It was possible to culture C. albicans from the mouths of all rats from day 2-22, though there was a decrease in the number of colonies harvested from day 12 (Table 2) . Infestation by candidal hyphae of the epithelium of one or more of the oral surfaces was evident in all the rats from day 2 to day 9, after which the number declined to only 3 of the 9 rats (33%) showing histological signs of candidiasis at 22 days (Fig. 1) . Though all the surfaces depicted in the sections at some time showed epithelial infestation with candidal hyphae, there were differences in the timing of maximum infection in various areas (Table 3 ) and even the extent of the lesion in similar sites including the resultant inflammatory response. However, irrespective of site, there was a high rate of surface involvement during the early phases of the experiment which diminished towards the later stages (Table 3, Fig. 2) . The anatomical distribution of candidal involvement of surfaces followed a specific pattern for some of the sites. In all instances only the dorsal surface of the tongue was affected and in the gingivae the lesions were centred in and around the gingival crevice and attached gingiva. The dorsal surface of the tongue was the most constant histological indicator of candidal infection. The tongues of all rats were infested with C. albicans during the intervals 4-9 days (Fig. 3) which is considerably higher than any of the other surfaces (Table 3) . During the early stages of the experiment, 2-4 days, hyphae were present in the keratin and upper prickle cell layers of the epithelium (Fig. 4) and from 6 days there was also a localized loss of filiform papillae (Fig. 5) . This occurred in the midline dorsum of the tongue in the area including and just posterior to the giant conical papillae. From 15-22 days there were 5 rats depicting loss of filiform papillae but without signs of C. albicans infestation. After 9 days the number of rats with infested tongue lesions decreased, at 19 days there were none and at 22 days one out of 9 (110/0)( Fig. 3 , Table 3 ). When those tongues with loss of papillae depicting no candidal infestation were added, one of7 rats (14%) was affected at 19 days and 3 out of 9 (330J0)at 22 days (Fig. 3) .
The statistical analyses revealed that the 95% confidence limits within which one could predict with certainty that a rat or a surface would be affected was the most accurate from day 2 to 9, with regard to the number of rats infected and infestation of the tongue surface. After day 9 the upper and lower limits increased considerably (Figs I and 3 ) and for other surfaces the limits were even greater and more varied.
Discussion
The results of significance in this study are (a) the variability of the microbiological and histological findings in the rats, (b) the apparent decline of candidiasis after an initial manifestation of the disease and (c) the statistical implications of such limited studies.
The reasons for the variability of the microbiological and histological findings (Tables 2 and  3) are not clear but may be due to exposure differences to C. albicans among the rats, or individual response or some inadequacy in the microbiological and histological methods. We tried to standardize dosage by withholding drinking water from the rats before exposure, initiating exposure at a set time and maintaining contact for 48 h. 253 Under these circumstances the variation of water-intake, which may exist, should not reach levels to cause dramatic differences of microbial counts and oral lesions. Apparently limited variation of dosage is not a decisive factor. For instance, workers such as Russel and Jones (1973) , Rogers and Balish (1976), Fisker et al. (1982a,b) varied their candidal suspensions from 1()4to 6 x 10 8 cfu/ml and all reported the development of lesions. In addition Van Wyk et al. (1987) tried to correlate concentrations of 10 1 , 1()4and 10 6 cfu/ml with the resultant oral lesions but found no demonstrable variation after 7 days. On the other hand Papadimitriou and Ashman (1986) compared 3 x lOSand 1x 10 5 cfu/ml suspensions given intravenously to CBA/H mice and observed that with the 3 x 10 5 cfu/ml suspension the systemic lesions before 5 days were much more widespread and severe, yet by 5 days the brain lesions were similar for both.
Other findings which cannot be explained by a variation of dosage are the pattern of the lesions and their correlation with microbiologic counts. For instance, on days 2-9 all rats had oral lesions but the pattern of the surfaces affected varied. In addition the colony counts from the mouths only broadly corresponded to the number of surfaces affected but not to the extent of the lesions.
Other variables to consider are individual patterns of food-intake which may affect the quantity of organisms in the mouth and their adherence to the oral structures and the difficulty in standardizing swabbing of the mouth and preparation of the histological sections. Surface contact, pressure and contact time of swabbing are all factors which will affect the resultant count. In addition, unless one cuts serial sections of the whole oral cavity, one cannot expect to visualize the full extent of the oral infestation by the fungus. It is also possible that minor variations in response to an infective agent may exist in inbred animals.
It can be argued that dosage differences can be overcome by repeated inoculation into the mouth of the animal, a method favoured for instance by Beck (1983, 1987) .
Problems with this approach are threefold; the vigorous response of the rat after inoculation makes it doubtful if all of the inoculum remains in the mouth, the exposure to the contaminating agent is not 'continuous' as one would expect when it is placed in drinking water, and finally, if the inoculation is to be repeated there is the constant danger of other contamination through biting the operator.
A finding which is in some respects similar to that of Rogers and Balish (1976) is the appearance of oral lesions in the rats from 2-9 days and their subsequent disappearance as well as the evacution of organisms from their mouths. This reaction indicates the development of a resistance against the organisms and is akin to the classic primary response to a primary antigen challenge illustrated for instance by Roitt et al. (1985) . Studies comparing the immunocompetence of germ-free mice with that of conventionally reared mice have revealed that the lymphatic tissue of germ"free animals responds to antigenic stimulation in a way similar to the same tissue in conventional animals although the reactions may differ in rate and intensity (Lee & Balish, 1981) . Germ-free animals are able to synthesize Igs (Hanna et al., 1969) and their rejection of skin allografts is similar to that of conventional animals (Smith et al., 1972) .
The statistical analyses of the results pinpointed the problems of a study of this nature, where experimental animals are limited and observations at intervals depend on sacrificed animals instead of repeated observations on the same animal. For example, on day 2, though all the rats which were killed showed lesions, because there were only 10, the predictability of them becoming infected was between 700/0 and 100% (Fig. 1) . Similarly, one interprets the decreasing proportion of rats showing lesions after day 9 to indicate a building up of resistance. Because such an interpretation depends on a proportion of the animals killed showing lesions at intervals, the confidence limits increase and the predictability decreases ( Fig. 1) .
It can be concluded that Fischer 344 inbred germ-free rats can be used on a limited scale to study oral bacterial interaction with C. albieans. The dorsal surface of the tongue would seem to be the best anatomical site to study the development or non-development of lesions when suppression of C. albieans by other organisms is to be investigated.
